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■ 

"IMAGE VIEWING SYSTEM AND METHOD FOR GENERATING FILTERS FOR FILTERING IMAGE 
FEATURES ACCORDING TO THEIR TYPE" 

Description 

Field of the Invention 

The invention relates to an image processing system and an image processing method to 
generate adaptive filters, whose supports are adapted to the type of features of interest in an image 
to be processed. The invention more particularly relates to such processing system and method that 
are applied to medical images. The invention also relates to a medical examination apparatus having 
such an image processing system and means for display. The invention finds an application in the 
industry of image processing systems and medical examination apparatuses. 

Background of the Invention 

A method to smooth and filter Images is disclosed fn the publication "A Framework for 
Anisotropic Adaptive Filtering and Analysis of Sequences and volume" in IEEE International 
Cbnference on Acoustics, Speech and Signal Processing (ICASP); San Francisco, March 23-26, 1992; 
p.469-472, vol.3, by H. Knutsson, L. Haglund and G.H. Granlund. The approach described in the cited 
publication makes use of quadrature and steerable filters having a set of different orientations 
including at least three different orientations in the case of 2-D image processing, and at least six 
different orientations in the case of 3-D image processing. The algorithm written from this approach 
resateec &m aselfcation of all the filters involved in the filtering of one Image. The resulting algorithm 
complexity has been found to be high. So, the calculation time is particularly long. 

Summary of the Invention 

The present invention has for an object to provide an image viewing system having 
oror^f no means to generate an adaptive filter for filtering an image comprising features of different 
type 3y type of the image features, it is to be understood either anisotropic features such as features 
having etcngated oriented shapes or isotropic features such as features rather showing circular or 
spherical shapes. In particular, It is an object of the invention to provide an image viewing system 

* * 

having analysis means for analyzing the content of a noisy image representing various objects and for 
determining the type of the features of interest of the objects in the image; and having synthesis 
means for synthesizing filters whose supports are adapted to processing the different features 
according to their different types, for filtering noise or enhancing these features in the image. 

It is an object of the Invention to provide analyzing means to estimate at each image point a 
^^^^ measure of the presence of a feature of interest; then, from said probability measure, to 
determine a weighting control model for the user to control adaptive kernels at each image point. 

an image viewing system is claimed in claim 1. 
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It is a further object of the Invention to yield synthesizing means to provide the user with 
filtering means, among which: 

first filtering means called "pre-mixing filtering means" comprising combining means 
dependent on the type of the image features having inputs for the weighting control means and the 
mage data and having an output for weighted adaptive kernels adapted to the type of the image 
features; and/or 9 

mm*J!T- ™ terin9 T " post " mMns ™ ter,n9 —* mmpria " 9 bMh **»•* *"* 

combined at each Image point and adapted using the welghdng control means 

and th i * f^T^ *~*> M* at each point, the ortented filter means 

and ft. ^rop,c filter means are mixed according to the degree of featuro type present at each point, 

TZl^ 0,6 ^ ^ a " totro ^ ^ «/Pe of satd potnt severe,. probL 

are solved during those two phases of analysis and synthesis: 

fta**. ri na ' yS ? Simmed hOW6Ver teWn9 int ° aC °° Unt different Wnds « such as 

i^rr, r feature dimensions - ^ ^ means *> «• — — ■*» * 

speafy the type of the features that he wishes to enhance. It allows him to fine-tune the filter in an 
extremely fast way, i.e. much faster than the actual filtering time. 
The solution to these problems is based on: 

oro*a M J!r,T ° f ""^ °" eSemMW ° f 3 «- ' < F - F -> T <**• 

probab, toes of the presence In the Image of a number ro of features of Interest This feah.ro 

oTTl»T 1 T"" '* ' 0Perattre f " -' «- 11,6 deS,gn ° f «— op-*- 

on the type of the features to be captured. 

The control model is completed by an explicit user-driven combination means X u of the 
feature probabilities into a k-dimenslon control vector (c, qjr TOs specIfles the 

wishes in terms of: "which feature or feature combination shouid be enhanced and with what 
strength". 

Selector means may be used to select filtering means chosen among two cha.ns of proposed 
filtenng means The first filtedng chain, M ^ ^ ^ ^ 

■mage and produces an output signs. R„ using a roahdme adapdve-enhandng Alter kernel H. The - 
deflmdon o, thcs keme. H Is spadned by the above denned combined control vector (c....,^ using a 
common operator X. The seo,nd ffltedng d.aln, called "post-m^ng filtedng means", comprises a 
comKnhg operator X. whfcn comb.nes the outputs of m prodefined adaptive^nhanclng fl,ters g, and 
produces an output slgna. Rg. Each of these m predefined adapdve^handng filte* g, ,s dedlcL to 

* J ^ COn "' ,naBon S — *- * «- vector (c,...,^ 

» the combf nahon operoter X, This chain allows <**amely fesc tuning of the Alter by the user since 

adapbve niters g„...,g. ,ro computed IndepentSenoy ofthe user tuning. Only the combination 
operator X, needs to be recomputed at every new control adjustment 

The system of me tendon has very powemtl meare to constitute adaptive rate* for 
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filtering features of different types such as anisotropic oriented features or isotropic areas. These 
filtering means show very low complexity of calculation, resulting in substantial computation saving. In 

■ 

addition, the synthesis means of the system of the invention gives to the user the choice between first 
filtering means and second filtering means whose complexities are different and whose computation 
loads are also different. Besides, the computations means according to the invention can be efficiently 
implemented using very simple techniques. Another advantage of the system of the invention is that 
the required computation time of the second filtering means is especially short. This system of the 
invention can constitute a very fast and general multidimensional adaptive filter. 

The second embodiment of the system of the invention can be implemented so that it is 
minimally demanding In terms of input/output, thus making a very good filter candidate for general 
purpose processor implementation. In fact, the system of the invention presents the advantage that it 
does not require any memory means. Since at the present time, processing means are very efficient 
for producing results of calculations, but are not very efficient for extracting data from memories, 
hence, the system of the invention, which only comprises calculation means, is very efficient. 

In these advantageous embodiments of the invention, the user disposes of control means 
for interacting with the analysis means to select the weight to be applied to the filtering of the 
features of interest in the image and/or to the synthesis means. 

The invention may refer to image data in which each data point (pixel or voxel) Is attributed 
a single scalar Intensity value. This can be extended to multi-spectral data in which several values are. 
attributed to each data point. For example, In colored Images, one may refer to Red, Green and Blue 
components. Multidimensional data can be dealt with, such as one dimension, spatial 2-D, spatial 3-D, 
sps&S ^IHStTienslonal data plus intensity dimensional data and/or plus time dimensional data. When 
one of the dimension is time and when one aims at real-time results, the. method of the invention may 
have recursive steps for using data recorded at previous instants. 

■ 

Brief Description of the Figures 

•^e invention is described hereafter in detail in reference to diagrammatic figures, wherein : 
F5S t Is a functional block diagram illustrating the means of the image viewing system; 
FIG.2 illustrates the steps carried out by the viewing system of the invention; 
HG.3 is a functional block diagram of a viewing system and a medical apparatus according 
to the invention. 



Description of Embodiments 

The invention relates to an image viewing system having processing means to generate 
fiteess "rhffip e».ppr.i*c are adapted according to local type of features of interest in an image to be 

* 

$mmme&k£!£ ^ypntjon relates to such a system for adaptive filtering of multidimensional signals for 
qg^/3^n*«ment application including noise reduction and the enhancement of valuable details. 
T*t. jjfpy— ^as processing means for achieving this goal fn two steps: first means for signal analysis 
arfc, m&q the results of this analysis, second means for filter synthesis. In particular, the invention 
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rirtwmIrm , , W 1:116 ,mage ' The ana, y s >s "leans analyses the Image signal in order to 

determine local properties of the imaae to be fiite^H -n,« u ■ '"uruerro 

which r ea* current pJil ^7^17 T" 3 teme '' 

«. « me ^ ^ „ jlzzz jeez- of " ,mase 

instance 0<x 1 <I 1 • o<x,<r • o <v . r I * u var,es In a Predefined range, for 

mav h, J 1 , ' , * d ' ° SaCh "* ^Ponds an image value, which 

representing the Red, Green and Blue components. 

Rn fh RG - lfeafa,oc k ^gram of the image processing system of the invention. Referrina tx, 
*• -P* «^ ^ta Kx) are processed using the following processing mean" 
1) Analysis means for analyzing the content of the origin* image. 

The Analysis means comprises a bank of a number m of operators, denoted bvf f f 
and referenced 5 in FIG.l The bank- k t ^t ma * m ^ aenocea by f v ..,f u ..,f m 

m rito.!. me bank 5 estimates at each current point of the imaqe a orobabimv nf 
presence of features of interest As w, .«» ~r 1— 9 probability of 

^ or interest. As feature of interest, one i 5 to understand either an anisotmnir 
feature which is an elongated oriented feature «,rh « t . anisotropic 

reature, such as for example in a displayed medical imam* 
representing vessels, an edge or a border of a vessel- nr* n ; * , * 9 

uraer or a vessel, or an isotropic feature which mav h*. rath** - 



crest ■JUST""*' T" *° ^ *** "***°<* **~ » •* *** valleys, 
crest Intersections, pass, plateau borders. It Is to be noted that tt*«= ■ , 

refer to 2-0 lma 0 e signals where the Intend o, hT 7^ ^ ^ ™" e * S ' 

Hence, the JL, I Z£TZ? ""T 7™°™ 3 * W *— * 
•fb*» • J- 9 dimension » n a landscape. Isotropic features miqht be 

flat ,sotrop,c areas, where flat means having constent intensity in the height dimension Foralo 
•mage signal, the features mighteven be more dive™ m.i. a, _« a«menston. For a 3-D 

anH5r , . a venoem ore diverse, Including surfaces oriented in any directions 

and 3-D planar or non-planar (skew) curves Y aireasons ' 



The outputs of the bank of operators i aro f«.™« a u 
denoted bvF p p ; * ar e formed by a number m of probability values, 

denoted by F„.. A . .,p for the m types of different features to be present in the Image I be filtered 

In an example, In an image, two-types-of featoms may be present such as L~7nd 
fcotropic area, The probability of presence s edges is expressed by *Z 
Presence of isotropic areas is expressed by (1 - «). na tne probab,l.ty of 
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In another example, In an Image, three types of features may be present, such as edges, 
edge intersections, and isotropic areas. The probability of presence of simple edges is expressed by a 
(alpha), and the probability of presence of isotropic areas is expressed by p (beta), and the probability 
of presence of edge intersections is expressed by y (gamma). The total probability value is preferably 
normalized so that: 

a + p + y = 1. (!) 
The general formula giving the probability of presence of different features may be expressed by: 

LFj=l (2) 

1=1 

The type of the operators of the bank 5 depends on the type of the features of interest. It is 
not the object of the Invention to specify these types very strictly. In the above described case when 
edges and isotropic areas may be found as features in the image, the probability a of presence of 
edges can be determined for example by calculating the intensity gradient at each point in the image. 

Hence, according to the invention, a number m of features of different type are found in the 
image using a corresponding number m of operators 5 that depends on the type of the features. 

A combining operator 10, called user operator, denoted by X u , further receives at its input 
the m probabilities F| of presence of features of different type and provides at its outputs a control 
vector of k components Ci,..,Q,..,C k . This control vector 11 of k components, denoted by V 0 allows to 
controlling the adaptive kernels of the filter to be constructed according to the invention. The number 
k of vector components is such that m £ k, depending on whether the user wants to group the 
filtering of different types of features together or not. Using this control vector Vc the user wiil be 
able to define the feature or the group of features that he wants to filter or to enhance and the 
strength of the filtering or enhancement. For instance, in the above-described example of an image 
comprising edges and circular features, the user may choose to enhance the isotropic features with 
strength of 0.8 and the anisotropic features with strength of 0.2. 

Hence, the analyzing means provides the control vector V 0 which is apt to control the 
adaptive kernel to be passed on each point in the image. It is to be noted that this control vector 
depends on the type of the features and not on the direction of particular features such as the 
direction of anisotropic features. 

2) Synthesis means for synthesizing oriented filters. 

The synthesis means comprises two possible chains of means for generating an adaptive 
filter. The first chain is denoted by H and called "pre-mixing filtering chain of generating adaptive 
filter". The second chain is denoted by G and called "post-mixing filtering chain of generating adaptive 
filer". The user has means 158 called user control interface, for selecting the first or the second chain. 

2.1) Pre-mixing filtering chain of generating adaptive filter. 

m 

TSiis chain comprises a combining operator denoted by X H , referred to as 30, which receives 
at its input, the control vector V c and the image data I(x) and which provides at its output an 
adaptive kernel. This adaptive kernel is adapted to the orientation of the anisotropic oriented features 
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and/or to the dimensions of the isotropic features to be fiit^H ~ u 

:r . adaPted to respectthe wdg ; ang ~ — ; r r r: rr 

used on top of orientations and/or dimensions of the features. C 

Those skilled in the art know means to synthesize a filter defined bv a omb.hniH „ 
and by structure tensors A man nf ^ u. aennea by a probability such as a 

-ntonnadon of strength a,cn 9 dk^ent dhecdons Z^^ZZT"^ 
control a tensor. According to the invention » ♦ , ^ t ° r may be used to 

-m — so -\ : srr«*zrrr " oKfer to *** - 

moment are given by the following formulae: respectively jt MIN and Mmax . The 

- Mmm* + a (PtMAX - Hmin ) 
Mp = Mmin +■ a (up MAX - Pmdi ). 
Whena = 0, Mt = Pp = flMIN (3b) 

hence the ^sor is isotonic since the strength is me same in the directions t and p ^ 

„ _ ., (5a) and 

l*P — Mp MAX 

hence the tensor is completely oriented. ^ 

2.2) Post-mixing filtering chain of generating adaptive filter 
In this second chain of filter generation in«ft*»H • 
ban. » of = number m operant ..LgC^tr^ T ^ ^ " 
nlfcdng means responds to the number m of r^^^"' T ni « 
outputs, denoted bv G r r J? ^ Ures * d,fteranl: «W» *> be processed. The 

Bach of t*ese nltora . ^ , n ^ mterin n ;:^ d J- «- ** used. 

Idenuned, such as ed g es, Intoraecdons end drcular or sphedcaT^ 

TTie combination of the outputs of tne filters of the bank 15 is performed uslna a 
combtnadon operator Jfe. This combination operator X, refers r„ ,^7 
vector Vc of the k components c to q, ' *ator Xg, referred to as 20, also receives the control 
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changing very easily the weights related to the different type of features in the final result 2 denoted 
by G(x), whichever are the filtering means of the bank of filters 15. The filtering means of the bank 15 
are applied independently of the types of the features examined in the image. The filtering operations 
using the bank 15 are realized in a preliminary step and the weight variations are performed while 
combining the results Gi,..^,...^ by using the control vector V c . 

In an example, an image comprising anisotropic features and isotropic features can be 
filtered using two types of filters denoted by gi and g 2 in the bank of filters 15. G l is for example the 
output of the oriented filter g x and is the output of the isotropic filter g 2 . The filter g 2 is not 
necessarily adaptive, it may be a simple Gaussian kernel. The user may choose a filtering strength for 
the anisotropic features given by o. In this case, the result at the output of the combining operator 
Xg, referred to as 20, is given by the formula: 

G(x) = ct(x) Gj(x) + (1 - a) G 2 (x) ( 6 ) 

Since the value <x(x) depends on the choice of the user, the user can change the result G(x) 

according to its desire to improve the filtering strength or to improve the enhancement of the different 

types of features. This operation of varying the filtering strength can be achieved without performing 

any new calculation of the results Gy..,G l ,.. r G m of the different filters g lr .. t g lr .. f g m of the bank of filters 
15. 

In an example of realization, the oriented filter g t can be made using structure tensors with: 
Kt - a constant (7a)/ and 

jjp = another constant. ( 7 m 
It is to be noted that the isotropic filter g 2 does not depend on pt or Hp values. 

3} Image processing method. 

Referring to FIG.2, the image processing method, for generating a multidimensional 
adaptive oriented filter to process image data in a number d of dimensions, operated by the above- 
describea system comprises steps of: 

analyzing (5, f,) the image to estimate at each image point a probability measure (Fi) of the 
pV^iar^ jf a type of feature of interest and to determine from said probability measure a weighting 
control model (10) yielding a weighting control vector (11, V c ) for the user to control synthesized 
adaptive kernels at each image point; and 

synthesizing filter kernels at each image point adapted to the type of the features of 
interest, which filter kernels are controlled by the weighting control vector. 

The user may select a chain of steps for generating the filter kernels called "pre-mixing 
filtering chain of steps", comprising a combination operation (30, X H ) dependent on the type of the 
image features for combining the weighting control vector (11, V c ) and the image data rj(x)] and 
/.aduiy WeTyhted adaptive kernels (35, H) adapted to the type of the image features to preduee the 
ifiici cu it .iacTo signal [!*(x/3. 

The user may select another chain of steps for generating the filter kernels called "post- 
m.A.. ia .utcring chain of steps", comprising performing differenttypes of filtering operations [15, a)], 
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such as isotropic and anisotropic filtering operations, applied independently of the type of the image 
features. These filtering operations yield signals (G,) that are further combined, at each image point of 
the image, using the weighting control vector (11, V c ), in order to produce the filtered image signal 
[G(x)] adapted to the types of features. 

4) Medical viewing system and apparatus 

The above-described means and steps can be implemented in the viewing system of the 
invention. Fig.3 shows the basic components of an embodiment of an image viewing system In 
accordance to the present invention, incorporated in a medical examination apparatus. The medical 
examination apparatus 151 may include a bed 110 on which the patient lies or another element for 
localizing the patient relative to the imaging apparatus. The medical imaging apparatus 151 may be a 
CT scanner or other medical imaging apparatus such as x-rays or ultrasound apparatus. The Image 
data produced by the apparatus 151 is fed to data processing means 153, such as a general-purpose 
computer, that carries out the steps of the method. The data processing means 153 is typically 
associated with a visualization device, such as a monitor 154, and an Input device 155, such as a 
keyboard, or a mouse 156, pointing device, etc. operative by the user so that he can interact with the 
system. The data processing device 153 is programmed to implement a method of processing medical 
image data according to invention. In particular, the data processing device 153 has computing means 
and memory means to perform the steps of the method. A computer program product having pre- 
programmed instructions to carry out the method may also be implemented. 

The drawings and their description herein before illustrate rather than limit the Invention. It 
will be evident that there are numerous alternatives that fall within the scope of the appended claims. 
Moreover, although the present invention has been described in terms of generating image date for 
display, the present invention is intended to cover substantially any form of visualization of the image 
data including, but not limited to, display on a display device, and printing. Any reference sign in a 
claim should not be construed as limiting the daim. 



» 
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Claims 

1. Image processing system for generating a multidimensional adaptive oriented filter to be 
applied to the point intensities of an image formed In a number d of dimensions, comprising: 

analyzing means comprising means (5, fi) to estimate at each image point a probability 
measure (Fj) of the presence of a type of feature of interest and to determine from said probability 
measure a weighting control model (10) yielding a. weighting control vector (11, V c ) for the user to 

* 

control synthesized adaptive kernels at each image point; and 

synthesizing means for generating filter kernels at each image point adapted to the type of 
the features of interest, which filter kernels are controlled by the weighting control vector. 

2. The image processing system of Claim 1, wherein the synthesizing means comprises means 
for generating: 

filtering means called "pre-mixing filtering means" comprising combining means (30, X H ) 
dependent on the type of the image features having Inputs for the weighting control vector (11, Vq) 
and the image data P(x)] and having an output for weighted adaptive kernels (35, H) adapted to the 
type of the image features to produce the filtered image signal [H(x)]. 

3. The image processing system of one of Claims 1 or 2, wherein the synthesizing means 
comprises means for generating: 

filtering means called "post-mixing filtering means" comprising both isotropic and anisotropic 
filtering means [15, g,)] applied independently of the type of the image features, whose outputs (G,) 
are combined at each image point and adapted using the weighting control vector (11, V c ) to produce 
thaffiterec image signal [G(x)]. 

4. The Image processing system of one of Claims 1 to 3, wherein the analyzing means 
comprises a number m of operators (f^.. 9 %%.Jt^ 9 which outputs at each current point of the image a 
probability value (Fi,..,Fi,..,F m ) of presence of features of interest among the m types of different, 
features in the image to be filtered. 

5. The Image processing system of one of Claims 1 to 4, wherein the analyzing means 
comprises a combining operator (10, Xu), called user operator, which receives at its input the m 
probabilities (Fi,..,Fi,. v F m ) of presence of different types of features for forming the weighting control 
medd, twftch provides at its outputs the control vector (Vc) of k components (Cl,..,Q,..A)/ for 
contnoiiiny tne adaptive kernels of the synthesized filters. 

6. The image processing system of one of Claims 1 to 5, wherein the features of interest are 
chosen among anisotropic features ana isotropic features. 
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7- The image processing system of Claim 6, wherein the svnthesfefnn 

_i , -■»• me syncnesizmg means comDrises in tho 

ZTJT? t a r b,n,n9 operator <3 °- ** whfch * <* *<* »-„r 

vector y c and the snage data «x) and which provWes at fe output an adapdve Kama) (H) that Is 
adapted to the orientadon of toe anisrfreplc oriented features and/or to the dimenst cit 

ta ^T 96 Pr ° CeSS '" g * 6 ' ^ comprises, ,„ tha 

Iwst^DangnllMngn^ns^anumbetraofdln^ntratarinamaansra o „ , m 0" ses ' mM » 

mrrespon* to the numbar m of Stores o, different types to be pracossed and whose outputs 

are mixed In a comblnadon operator (Xd, which is controlled by the control vector (V > 
to produce the Altered Image signal (G(x)]. y >™ control vector (Vc) 

9. The image processing system of Claim 8, wherein the combination operator Ofe) k , 
weighted sum of the results of the different Altering means fa^aj. 

10. The image processing system of one of Claims 2 to 9, wherein a user com*,! tote*,™ f isn 
is provided for the user to control the welghdng parameters fCi" C CWth-, 7, ' 
tor saectmg the -pre-mblng Afcering means" and^or the ^^tTS. 
*^h of AKsring or enhancement re!ated to the dlffere* type of Lures JZZ£%? 

*al HHI m the post-mMng Altering means-; and/or at toe Input of the comblnadon operaT (X„) 
in the "pre-mixing filtering means". uperacor i* H j 

* 

U- Image processing method for generadng a multidimensional adaptive oriented Alter „, 
pmcess image data, using a system as Qah-ad in ona of aauns l to 10 . 

12. Medical examination apparatus comprta,* fr, , Im ^- 

mvn * cwcte™ „ « • ^ , pn*»-3 ~«*ans to acquire d-dimensional image data 

POOL a system as Claimed in one of Claims 1 to 10 and further comnricinn a a- , 

acdng on the user operator (10) and/or the selection unit (-10). ametorsand/or 
cled ,„ A Zt r ^ PradUtt CtmPH9 " 9 ° * °' * « - — - 
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Abstract 

Image processing system for generating a multidimensional adaptive oriented filter to be 
applied to the point intensities of a d-dimensional image, comprising analyzing means with means (5, 
f.) to estimate at each image point a probability measure (F.) of the presence of a type of feature of 
interest and a weighting control model (10) issuing a weighting control vector (11, V c ) constructed 
from said probability measure, for the user to control synthesized adaptive kernels at each image 
point; and synthesizing means for generating the filter kernels at each image point adapted to the 
type of the features of interest, whose filtering strength is controlled by the weighting control vector. 
The system may comprise a selection unit (40) for the user to select synthesizing means for 
generating "pre-mixing filtering means" comprising combining means (30, Xh) dependent on the type 
of the image features having inputs for the weighting control vector (11, V c ) and the image data P(x)] 
and having an output for weighted adaptive kernels (35, H) adapted to the type of the image features 
to produce the filtered image signal [H(x)] ; and/ or "post-mixing filtering means" comprising both 
isotropic and anisotropic filtering means [15, g,)] applied independently of the type of the image 
features, whose outputs (G,) are combined at each image point and adapted using the weighting 
control vector (11, V c ) to produce the filtered image signal [G(x)]. 



FIG.l 



PHFR030010 




User Control 
Interface 



/-SL58 




Fiat 



PHFR030010 



2/2 



Probabilities of presence of F eature Types 
Combination of the Probabilities 



158 



User Control 



Control Vector V c 



Selection 



•40 



30,35 



Pre-Mixing 
Filtering 



Post-Mixing 
Filtering 



15,-20 



H(x) 



G(x) 



FIG.2 




PHFR030010 



1/2 




FIG.1 



PCT Application 

PCT/IB2004/000304 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

IZ^NBLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

^(faded TEXT OR DRAWING 
QNbLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



